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1 Introduction
1976
Theorem 1.1 (Ishikawa, 1976, [7]). $b\in(0,1)$ $C$ Banach $E$
$T$ $T(C)$ relatively compact $C$ $u_{1}\in C$
$\sum_{n=1}^{\infty}\alpha_{n}=\infty$ $\{\alpha_{n}\}$ $[0,b]$
$u_{n+1}=\alpha_{n}Tu_{n}+(1-\alpha_{n})u_{n}$ for $n\in N$
$C$ $\{u_{n}\}$ $\{u_{n}\}$ $T$
$C$ $\{u_{n}\}$ Theorem 1.1 Ishikawa’s strong conver-
gence theorem Theorem 1.1 Lemma 1
Ishikawa’s Lemma 1983 Goebel-Kirk [5] Lemma
hyperbolic(convex) 1
Convex [15]





1. Ishikawa’s Lemma Suzuki’s Lemma
2.
1
1841 2013 150-162 150
Ishikawa’s strong convergence theorem
$R$ $N$ No $i,j\in N_{0},$ $i\leq j$ $N(i,j)$
$\{k\in N_{0}:i\leq k\leq j\}$ $C$ Banach $E$ $T$ $C$
$F(T)=\{x\in C:Tx=x\}$ $T$ $T(C)$ relatively compact
$T(C)$ compact $T$ $r\in[O, 1)$
$x,y\in C$ $\Vert Tx-Ty\Vert\leq r\Vert x-y\Vert$ $T$




Theorem 1.2 (Brouwer, 1912, [3], Hadamard, 1910, [6]). $C$ $R^{n}$ compact
$g$ $C$ $C$ $g(z)=z$ $z\in C$
Theorem 1.3 (Banach, 1922, [2]). $C$ $T$ $C$ $C$
$Tz=z$ $z\in C$ 1
Brouwer Suzuki-Takeuchi [19] 100
Poincare-Miranda
1997 Kulpa [9] Kulpa
Kulpa priority
Brouwer Banach
Schauder Banach (Banach )
Theorem 1.4 (Edelstein, 1966, [4]). $C$ Banach $E$ compact
$T$ $C$ $\{u_{n}\}$
$u_{1}\in C,$ $u_{n+1}= \frac{1}{2}Tu_{n}+\frac{1}{2}u_{n}$ for $n\in N$
$\{u_{n}\}$ $T$
Edelstein Theorem 1.1
1. 2. $C$ 3.
3 1 2
Edelstein Schauder
Edelstein Theorem 1. 1
Schauder Theorem 1. 1
$C$ Theorem 1.1 Ishikawa’s strong convergence
theorem Krasnoselskii-Mann iteration [10], [11]
151
2 proof line
$C$ $T$ $A(T)$ $A_{F}(T)$
$A(T)=\{u\in E:\Vert Tx-u\Vert\leq\Vert x-u\Vert$ for $x\in C\},$ $A_{F}(T)=A(T)\cap C.$
$A_{F}(T)$ $F(T)$ Takahashi-Takeuchi [18]




(1) $T$ (2) $A_{F}(T)=F(T)$ ,
(3) $\Vert x-Ty\Vert\leq\Vert Tx-x\Vert+\Vert x-y\Vert$ for $x,y\in C.$
(1)(2) (3) (2) $\Vert x-Tx\Vert$
$x$
proof line
$T$ $C$ $C$ ( ) $C$
Krasnoselskii-Mann iteration $\{u_{n}\}$
Step $(a)-(d)$ $()$
(a) $\lim_{n}\Vert Tu_{n}-u_{n}\Vert=0$ . ( $T$ $T(C)$ )
(b) $\{u_{n}\}$ $\{u,\}$ $u\in C$
( $T(C)$ relatively compact)
(c) $u\in F(T)$ . ( $T$ )
(d) $\{u_{n}\}$ $u$ ( $A_{F}(T)=F(T)$ $F(T)$ 1 )




(a) $\lim_{n}\Vert Tu_{n}-u_{n}\Vert=0$ $T$
$\{\alpha_{n}\}$ $[0,1]$ Krasnoselskii-Mam iteration $C$ $\{u_{n}\}$
$T$ $A_{F}(T)=F(T)$
$T$
$\Vert Tu_{n+1}-u_{n+1}\Vert\leq\Vert Tu_{n+1}-Tu_{n}\Vert+\Vert Tu_{n}-u_{n+1}\Vert$
$\leq\Vert u_{n+1}-u_{n}\Vert+\Vert Tu_{n}-u_{n+1}\Vert$
$\leq\alpha_{n}\Vert Tu_{n}-u_{n}\Vert+(1-\alpha_{n})\Vert Tu_{n}-u_{n}\Vert=\Vert Tu_{n}-u_{n}\Vert.$
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2$\Vert Tu_{n+1}-u_{n+1}\Vert\leq\Vert Tu_{n+1}-Tu_{n}\Vert+\Vert Tu_{n}-u_{n+1}\Vert$
$\leq\alpha_{n}\Vert Tu_{n}-u_{n}\Vert+(1-\alpha_{n})\Vert Tu_{n}-u_{n}\Vert=\Vert Tu_{n}-u_{n}\Vert.$
2 $u_{n+1}=\alpha_{n}Tu_{n}+(1-\alpha_{n})u_{n}$
$(A) \Vert Tu_{n+1}-Tu_{n}\Vert\leq\Vert u_{n+1}-u_{n}\Vert, (B) \Vert Tu_{n+1}-Tu_{n}\Vert\leq\alpha_{n}\Vert Tu_{n}-u_{n}\Vert.$
$(A)$ $T$ $(A)$ $(B)$
$T$
$\Vert T(cTx+(1-c)x)-Tx\Vert\leq c\Vert Tx-x\Vert$ for $x\in C,$ $c\in[O, 1]$
$T$ $\lim_{n}\Vert Tu_{n}-u_{n}\Vert=0$
simple
$C$ Banach $E$ $T$ $C$
$c\in(O, 1)$ $T$ Class $(O_{c})$
$(O_{c})$ $\Vert T(cTx+(1-c)x)-Tx\Vert\leq c\Vert x-Tx\Vert$ for $x\in C.$
$T$ Class (0)
(O) $\Vert T(cTx+(1-c)x)-Tx\Vert\leq c\Vert x-Tx\Vert$ for $x\in C,$ $c\in[O, 1].$
$C$ $C$
$T$ Class (0) $c\in(O, 1)$ Class $(O_{c})$
$T$ $T$ Class(0)
$C$ Banach $E$
$T$ $C$ 2008 Suzuki [14] $T$
Condition(C)




$\{\alpha_{n}\}$ $[$ 1/2, $b]$ [1/2, 1)
Theorem 2.1 (Suzuki, 2008, [14]). $C$ Banach $E$ $T$ $T(C)$
relatively compact $C$ Class(C) $c\in[1/2,1)$





$b\in(O, 1)$ $\{\alpha_{m}\}$ $[0,b]$ $\delta_{i}$ $A$
$\delta_{i}=1-\alpha_{i}$ for $i\in N,$ $A=1/(1-b)$ .
$n,k\in N$ $(k),$ $\delta_{n}(k)$
$\alpha_{n}(k)=\alpha_{n}+\alpha_{n+1}+\cdots+\alpha_{n+k-1}, h(k)=1/(h\cdots\delta_{n+k-1})$.
Lemma3.1. $b\in(O, 1)$ $\{\alpha_{n}\}$ $[0,b]$ $n,k\in N$
$\delta_{\eta}(k)\leq e^{\alpha_{n}(k)A}<e^{(1+\alpha_{n}(k))A}$
Proof. $[0,\infty)$ $h(x)=x-\log(1+x)$








Lemma 3.2 (Kubota-Takeuchi). $b\in(0,1)$ $\{\alpha_{m}\}$ $[0,b]$ $\{u_{m}\}$ $\{w_{m}\}$
$n,k\in N$ Banach $E$
(1) $u_{i+1}=\alpha_{i}w_{i}+(1-\alpha_{i})u_{i}$ for $i\in N(n,n+k-1)$ ,
(2) $l_{(n,k)}$
$\Vert w_{i+1}-w_{i}\Vert\leq\alpha_{i}\Vert w_{i}-u_{i}\Vert+l_{(n,k)}$ for $i\in N(n,n+k-1)$ .
$(1+\alpha_{n}(k))d_{n}\leq\Vert w_{n+k}-u_{n}\Vert+(\epsilon_{n}(k)+k^{3}l_{(n,k)})e^{(1+\alpha_{n}(k))A},$
$d_{n}=\Vert w_{n}-u_{n}\Vert,$ $\epsilon_{n}(k)=\Vert w_{n}-u_{n}||-\Vert w_{n+k}-u_{n+k}\Vert$
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Proof. (1) $i\in N(n,n+k-1),j\in N$
(a) $\Vert w_{j}-u_{i+1}\Vert=\Vert w_{j}-\alpha_{i}w_{i}-(1-\alpha_{i})u_{i}\Vert$
$\leq\alpha_{i}\Vert w_{j}-w_{i}\Vert+(1-\alpha_{i})\Vert w_{j}-u_{i}\Vert.$
(2) $i\in N(n,n+k-1)$
$\Vert w_{i+1}-u_{i+1}\Vert\leq\Vert w_{i+1}-w_{i}\Vert+\Vert w_{i}-u_{i+1}\Vert$
$\leq\alpha_{i}\Vert w_{i}-u\iota\Vert+l_{(n,k)}+(1-\alpha_{i})\Vert w_{i}-u\iota\Vert=\Vert w_{i}-u\iota\Vert+l_{(n,k)}.$
$i\in N(n,n+k-1)$ (b)(c) [ $(d)$ ]
(b) $\Vert w_{i}-u_{i}\Vert\leq\Vert w_{n}-u_{n}\Vert+(k-1)l_{(n,k)}=d_{n}+(k-1)l_{(n,k)},$
(c) $\Vert w_{i+1}-w_{i}\Vert\leq\alpha_{i}\Vert w_{i}-u_{i}\Vert+l_{(n,k)}\leq\alpha_{i}d_{n}+kl_{(n,k)},$
(d) $\Vert w_{n+k}-u_{n+k}\Vert\leq\Vert w_{n}-u_{n}\Vert+kl_{(n,k)}=d_{n}+kl_{(n,k)}.$
(a),(c) $j\in N(0,k-1)$
$(*) - \frac{\epsilon_{n}(k)+(k-j)/Pl_{(n,k)}}{\alpha_{+j}\cdots\delta_{n+k-1}}+(1+\alpha_{n+j}+\cdots+\alpha_{n+k-1})d_{n}\leq\Vert w_{n+k}-u_{n+j}\Vert.$







$- \frac{\epsilon_{n}(k)+1\cdot lpl(n)}{\delta_{n+k-1}}+(1+\alpha_{n+k-1})d_{n}\leq\Vert w_{n+k}-u_{n+k-1}\Vert.$
$j\in N(1,k-1)$ $(*)$ (c)
$\Vert w_{n+k}-w_{n+j-1}\Vert$
$\leq\Vert w_{n+j}-w_{n+j-1}\Vert+\Vert w_{n+j+1}-w_{n+j}\Vert+ \cdots +\Vert w_{n+k}-w_{n+k-1}\Vert$
$\leq(\alpha_{n+j-1}d_{n}+kl_{(n,k)})+(\alpha_{n+j}d_{n}+kl_{(n,k)})+\cdots+(\alpha_{n+k-1}d_{n}+kl_{(n,k)})$




$\leq\alpha_{n+j-1}$ $(\alpha_{n+j-1}+\alpha_{n+j}+ \cdots+\alpha_{n+k-1})d_{n}+k^{2}l_{(n,k)}+(1-\alpha_{n+j-1})\Vert w_{n+k}-u_{n+j-1}\Vert.$
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1 2 $\delta_{7+j-1}=(1-\alpha_{n+j-1})$






$(*)$ $j\in N(O,k-1)$ $(*)$ $j=0$ 1
Lemma 3.1
$(1+\alpha_{n}(k))d_{n}\leq\Vert w_{n+k}-u_{n}\Vert+(\epsilon_{n}(k)+k^{3}l_{(n,k)})e^{(1+\alpha_{n}(k))A}.$
Lemma 3.3 (Suzuki’s Lemma, 2005, [13]). $\{\alpha_{n}\}$ $[0,1]$ $\{u_{n}\},$ $\{w_{n}\}$ Banach
$E$
(1) $u_{i+1}=\alpha_{i}w_{i}+(1-\alpha_{i})u_{i}$ for $i\in N,$
(2) $0< \lim\inf_{n}\alpha_{n}\leq\lim\sup_{n}\alpha_{n}<1,$
(3) $\lim\sup_{n}(\Vert w_{n+1}-w_{n}\Vert-\alpha_{n}\Vert w_{n}-u_{n}\Vert)\leq 0.$
$\lim_{n}\Vert w_{n}-u_{n}\Vert=0$ [2002, Suzuki [12] ]
Proof. {un} $\{w_{n}\}$ $M= \sup\{\Vert w_{n}-u_{m}\Vert : m,n\in N\}<\infty$
(2) $a,b\in(O, 1)$ $n_{1}\in N$ $n>n_{1}$ $\alpha_{n}\in[a,b]$
$n,k\in N$ $d_{n}=\Vert w_{n}-u_{n}\Vert,$ $\epsilon_{n}(k)=\Vert w_{n}-u_{n}\Vert-\Vert w_{n+k}-u_{n+k}\Vert$
$c= \lim\sup_{n}\Vert w_{n}-u_{n}\Vert$ $0\leq c\leq M$ $c>0$
$a,c>0$ $k_{0}\in N$ $n>n_{1}$
$M+1< \frac{1}{2}(1+k_{0}a)c\leq\frac{1}{2}(1+\alpha_{n}(k_{0}))c.$
$\alpha_{n}\in[a, b]$ (1 $+\alpha$n( )) $<(1+k_{0})$ $\epsilon\in(0,1)$ 1
$\epsilon_{1}<\min\{\frac{\epsilon}{(2+k_{0}^{3})e^{(1+k_{0})A}}, \frac{c}{2(1+k_{0})}\} (A=1/(1-b))$
$\epsilon_{1}>0$ $c= \lim\sup_{n}\Vert w_{n}-u_{n}\Vert$ (3) $n_{\epsilon_{1}}>n_{1}$
$n\geq n_{\epsilon_{1}}$
$\Vert w_{n}-u_{n}\Vert<c+\epsilon_{1}, \Vert w_{n+1}-w_{n}\Vert\leq\alpha_{n}\Vert w_{n}-u_{n}\Vert+\epsilon_{1}.$
2 $n\geq n_{\epsilon_{1}}$ $k\in N$ $l_{(n,k)}=\epsilon_{1}$ Lemma 3.2 (2)





$-\Vert w_{n_{0}+k_{0}}-u_{n_{0}+k_{0}}\Vert<-c+\epsilon_{1}$ $\Vert w_{n_{0}}-u_{n_{0}}\Vert<c+\epsilon_{1}$
$l_{(n_{0},k_{0})}=\epsilon_{1}$ Lemma 3.2 (d)





Lemma 3.2 $e^{\kappa}$ $c=0$
$M+1< \frac{1}{2}(1+k_{0}a)_{\mathcal{C}}\leq\frac{1}{2}(1+\alpha_{n_{0}}(k_{0}))c<(1+\alpha_{n_{0}}(k_{0}))d_{n_{0}}$
$\leq\Vert w_{n_{0}+k_{0}}-u_{n_{0}}\Vert+(2\epsilon_{1}+k_{0}^{3}\epsilon_{1})e^{(1+k_{0})A}<M+\epsilon<M+1.$
$c=0$ $0 \leq\lim\inf_{n}\Vert w_{n}-u_{n}\Vert\leq\lim\sup_{n}\Vert w_{n}-u_{n}\Vert=c$ $\lim_{n}\Vert w_{n}-u_{n}\Vert=0$
Lemma3.4 ( $A$ virsion ofIshikawa’s Lemma, Goebel-Kirk, 1983, [5]).
$b\in(0,1)$ $\{\alpha_{n}\}$ $[0,b]$ $\{u_{n}\},$ $\{w_{n}\}$ Banach $E$
$i\in N$
(1) $u_{i+1}=\alpha_{i}w_{i}+(1-\alpha_{i})u_{i}$ , (2) $\Vert w_{i+1}-w_{i}\Vert\leq\alpha_{i}\Vert w_{i}-u_{i}\Vert.$
$(a)\{\Vert w_{n}-u_{n}\Vert\}$
$(b) \sum_{n=1}^{\infty}\alpha_{n}=\infty$ $\{u_{n}\},$ $\{w_{n}\}$ $\lim_{n}\Vert w_{n}-u_{n}\Vert=0$
Proof. $n,k\in N$ $l_{(n,k)}=0$ Lemma 3.2 (1)(2)
$(a)$ (1)(2)
$\Vert w_{i+1}-u_{i+1}\Vert\leq\Vert w_{i+1}-w_{i}\Vert+\Vert w_{i}-u_{i+1}\Vert$
$\leq\alpha_{i}\Vert w_{i}-u_{i}\Vert+(1-\alpha_{i})\Vert u_{i}-w_{i}\Vert=\Vertw_{i}-u_{i}\Vert$ for $i\in N$
$\{\Vert w_{n}-u_{n}\Vert\}$ $\lim_{n}\Vert w_{n}-u_{n}$ $c= \lim_{n}\Vert w_{n}-u_{n}\Vert$
$\sum_{n=1}^{\infty}\alpha_{n}=\infty$ $\{u_{n}\}$ $\{w_{n}\}$ 1 $M= \sup\{\Vert w_{n}-u_{m}\Vert : m,n\in N\}$
$\{\Vert w_{n}-u_{n}\Vert\}$ $M<\infty$ $n,k\in N$
$\epsilon(n)=\Vert w_{n}-u_{n}\Vert-c, d_{n}=\Vert w_{n}-u_{n}\Vert, \epsilon_{n}(k)=\Vert w_{n}-u_{n}\Vert-\Vert w_{n+k}-u_{n+k}\Vert$
$\{\Vert w_{n}-u_{n}\Vert\}$ $0\leq\epsilon_{n}(k)\leq\epsilon(n),$ $\lim_{n}\epsilon(n)=0,$ $c\leq d_{n}$
$(b)$ $0\leq c\leq M$ $c>0$ $\epsilon\in(0,1)$ 1
$\epsilon(n_{0})<\epsilon/\exp((M+1+c)A/c) (A=1/(1-b))$ .
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$n_{0}$ $\in N$ $k\in N$ $\epsilon_{n_{0}}(k)\leq\epsilon(n_{0})$
$\sum_{n=1}^{\infty}\alpha_{n}=\infty$ $n_{0}$ $k_{0}\in N$
$M+1<(1+\alpha_{n_{0}}(k_{0}))c<M+1+c, (1+\alpha_{n_{0}}(k_{0}))<(M+1+c)/c.$





Lemma 3.4 Lemma 3.5
Lemma 3.5 $(A$ virsion $ofIshikawa$’s Lemma, $1976, [7])$. $b\in(0,1)$ $\{$ % $\}$ $[0,b]$
$C$ Banach $E$ $T$ $C$ $\{u_{n}\}$ $C$
$i\in N$
(1) $u_{i+1}=\alpha_{i}Tu_{i}+(1-\alpha_{i})u_{i}$ , (2) $\Vert Tu_{i+1}-Tu_{i}\Vert\leq\alpha_{i}\Vert Tu_{i}-u_{i}\Vert.$
$\{\Vert Tu_{n}-u_{n}\Vert\}$ $\Sigma_{n=1}^{\infty}\alpha_{n}=\infty$ $\{u_{n}\},$ $\{Tu_{n}\}$
$\lim_{n}\Vert Tu_{n}-u_{n}\Vert=0$
Lemma 3.5 $T$ (2) original Ishikawa’s Lemma
(2) Lemma 3.5
4 Results
$S$ Card$(S)$ $S$ Card$(S)$
Theorem 4.1 (Kubota-Takeuchi). $b\in(0,1)$ $\{\alpha_{n}\}$ $[0,b]$ $\Sigma_{n=1}^{\infty}\alpha_{n}=\infty$
$C$ Banach $E$ $T$ $T(C)$ relatively compact $C$
Class(0)
(1) $T$ (2) $F(T)=A_{F}(T)$ or Card$(F(T))\leq 1$
$\{u_{n}\}$
$u_{1}\in C,$ $u_{n+1}=\alpha_{n}Tu_{n}+(1-\alpha_{n})u_{n}$ for $n\in N.$
$\{u_{n}\}$ $T$
Proof. Iteration $T$ Class(O) Lemma 3.$5(1)(2)$
Lemma 3.5 $\{\Vert Tu_{n}-u_{n}\Vert\}$ $\{\alpha_{n}\}$ $T(C)$ relatively
compact Lemma 3.5 $\lim_{n}\Vert Tu_{n}-u_{n}\Vert=0$
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$u\in E$ $\{Tu_{n}\}$ $\{Tu_{n_{j}}\}$
$\Vert u-u_{n_{j}}\Vert\leq\Vert u-Tu_{n_{j}}\Vert+\Vert Tu_{n_{j}}-u_{n_{j}}\Vert$ for $j\in N$
$\lim_{j}\Vert Tu_{n_{j}}-u\Vert=0$ $\lim_{j}\Vert Tu_{n_{j}}-u_{n_{j}}\Vert=0$ $\{u_{n_{j}}\}$ $u$ $C$
$u\in C$ $\{u_{n_{j}}\}$ $u\in C$ $T$ $u\in F(T)$
$\Vert Tu-u\Vert\leq\Vert Tu-Tu_{n_{j}}\Vert+\Vert Tu_{n_{j}}-u\Vert$ for $j\in N.$
Card$(F(T))\leq 1$ $F(T)=\{u\}$ $\{u_{n_{i}}\}$ $\{u_{n_{i}}\}$
$v$ $v\in F(T)$ $v=u$
$\Vert Tv-v\Vert\leq\Vert Tv-Tu_{n_{i}}\Vert+\Vert Tu_{n_{i}}-u_{n_{i}}\Vert+\Vert u_{n_{i}}-v\Vert$ for $i\in N.$
$\{u_{n}\}$ $u$ $F(T)=A_{F}(T)$ $u\in A_{F}(T)$
$\Vert u_{n+1}-u\Vert\leq\alpha_{i}\Vert Tu_{n}-u\Vert+(1-\alpha_{n})\Vert u_{n}-u\Vert\leq\Vert u_{n}-u\Vert$ for $n\in N$
$\{\Vert u_{n}-u\Vert\}$ $0$ $\{\Vert u_{n}-u\Vert\}$
$\{\Vert u_{n_{j}}-u\Vert\}$ $\lim_{j}\Vert u_{n_{j}}-u\Vert=0$ $\lim_{n}\Vert u_{n}-u\Vert=0$ $\square$
$T$ Banach $E$ $C$ $T$ $C$
Class(0) $A_{F}(T)=F(T)$ Theorem 4. 1 Ishikawa’s
strong convergence theorem (Theorem 1.1 ) Theorem 4.1 Theorem 4.2
Theorem 4. 1, 4.2 Theorem 1. 1 $C$
Theorem 4.2 (Kubota-Takeuchi). $c\in(0,1)$ $C$ Banach $E$
$T$ $T(C)$ relatively compact $C$ Class$(O_{c})$
(1) $T$ (2) $F(T)=A_{F}(T)$ or Card$(F(T))\leq 1$
$\{u_{n}\}$
$ul\in C,$ $u_{n+1}=cTu_{n}+(1-c)u_{n}$ for $n\in N.$
$\{u_{n}\}$ $T$
5 examples
1 2 $R,$ $R^{2}$ example example
$T$ $C$ compact $u_{1}$ Krasnoselskii-Mann
iteration $\{u_{n}\}$ Iteration % $=$ $1/2$
Theorem4.2 Example 1
Theorem 4.2 Example2,3
Example 4,$A,B,C$ Theorem 4.2
example
Example 1. $C=[O, 1]^{2},$ $F=\{(x_{1},x_{2})\in C:x_{1}=0\},$
$T(x_{1},x_{2})= \frac{1}{2}(x_{1},x_{2})+\frac{1}{2}(0,x_{2})$ for $(x_{1},x_{2})\in C.$
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$T$ $A_{F}(T)=F(T)=F$
Example 2. $C=[O, 1]^{2},$ $F=\{(x_{1},x_{2})\in C:x_{1}=0\},$
$T(x_{1},x_{2})= \frac{1}{4}((1+2\kappa_{2})(x_{1},x_{2})+(3-2x_{2})(0,x_{2}))$ for $(x_{1},x_{2})\in C.$
$T$ $T$ Class$(O_{1/2})$ $F(T)=A_{F}(T)=F$ ( )
Theorem 4.2
Example 3. $C=\{(x_{1},x_{2})\in R^{2} :|x_{1}|+|x_{2}|\leq 1\},$ $a_{1}=(1,0)=-a_{3},02=(0,1)=-a_{4}$ .
$T(O,0)=(0,0)$ $y\in C(y\neq(O,0))$ $k\in(O, 1], t\in[O, 1),$ $i\in\{1,2,3,4\}$
$y=(1-t)ka_{i}+tka_{i+1}$ $(i=i’mod 4)$ $Ty$
$Ty=T((1-t)ka_{i}+tka_{i+1})=( \frac{1}{2}-t)ka_{i}+(\frac{1}{2}+t)ka_{i+1} t\in[O, \frac{1}{2}],$
$Ty=T((1-t)ka_{j}+tka_{i+1})=( \frac{3}{2}-t)ka_{i+1}+(t-\frac{1}{2})ka_{i+2} t\in(\frac{1}{2},1)$.
$y\in C$ $T$ 1 1/2
$T$ Class$(O_{1/2})$ $F(T)=\{(O,0)\},$ $A_{F}(T)=\emptyset$
$A_{F}(T)\neq F(T)$ ( ) $F(T)$ 1 Theorem 4.2
$T^{2}$ $90^{o}$
Example 1 Example 2 Examplc A
$F$
$I_{1}|arrow 1\tau_{I}1$
Example 3 Example 4 Example $B$
$F$
$I^{1}|arrow\tau_{I}I1$
Example4. $C=\{(x_{1},x_{2})\in[0,1]^{2}:x_{2}\leq 4x_{1}\},$ $F=\{(x_{1},x_{2})\in C:x_{2}=4x_{1}\},$
$T(x_{1},x_{2})= \frac{1}{2}(x_{1},x_{2})+\frac{1}{2}(\frac{1}{4}x_{2},x_{2})$ for $(x_{1},x_{2})\in C.$
$T$ Class$(O_{1/2})$ $F=F(T)\neq A_{F}(T)=\{(O,0)\}$ Theorem 4.2
Example A. $C=[O, 1]=D_{1}\cup D_{2}\cup D_{3},$ $D_{1}=[0, \frac{1}{3}),$ $D_{2}=[ \frac{1}{3}, \frac{2}{3}],$ $D_{3}=( \frac{2}{3},1],$
$Tx= \frac{1}{2}x$ for $x\in D_{1},$ $Tx= \frac{1}{2}x+\frac{1}{2}$ for $x\in D_{3},$ $Tx= \frac{1}{2}x+\frac{1}{4}$ for $x\in D_{2}.$
$T$ Class$(O_{1/2})$ $\{0, \frac{1}{2},1\}=F(T)\neq A_{F}(T)=\emptyset$ Theorem 4.2
$D_{i}$ $T$
Example B. Example A $D_{2}$ $T$
$Tx=2x- \frac{1}{2}$ for $x\in D_{2}.$
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$T$ Class$(O_{1/2})$ $\{0, \frac{1}{2},1\}=F(T)\neq A_{F}(T)=\emptyset$ Theorem 4.2
$1\in N$ $\{u_{n}\}_{n\geq l}$ $D_{1},D_{3},F_{2}= \{\frac{1}{2}\}$
$D_{1}$ , $D_{3}$ , $T$ $D_{1}$ , $D_{3}$
Example C. $C=[O, 1]=D_{1}\cup D_{2},$ $D_{1}=[0, \frac{2}{3}],$ $D_{2}=( \frac{2}{3},1],$
$Tx= \frac{1}{2}x$ for $x\in D_{1},$ $Tx=2x- \frac{4}{3}$ for $x\in D_{2}.$
$T$ Class$(O_{1/2})$ $F(T)=A_{F}(T)=\{O\}$ Class$(O_{1/2})$ $A_{F}(T)=F(T)$
( ) Theorem4.2 $\{u_{n}\}$ $T$
Example 1,2,4
Example4 $F(T)=A_{F}(T)$







Lemma5. 1 ( ) Lemma 5. 1
Example $C$ Lemma
$C$ Banach $E$ $T$ $C$ $\{u_{n}\}$ $C$ $T$ $\{u_{n}\}-$
$\{u_{n_{j}}\}$ $u\in C$ $\{Tu_{n_{j}}\}$ $Tu$ $T$
$\{u_{n}\}$- $l\in N$ $A(T,u_{n},l)=\{u\in E:\Vert Tu_{n}-u\Vert\leq\Vert u_{n}-u\Vert$ for $n\geq l\}$
$A(T)$ $A(T,u_{n}, l)$
Lemma 5.1 (Kubota-Takeuchi). $b\in(0,1)$ $\{\alpha_{n}\}$ $[0,b]$ $\sum_{n=1}^{\infty}\alpha_{n}=\infty$ $C$
Banach $E$ $T$ $T(C)$ relatively compact $C$
$\{u_{n}\}$ $C$ $n_{0}\in N$ $i\geq n_{0}$
(1) $u_{i+1}=\alpha_{i}Tu_{i}+(1-\alpha_{i})u_{i}$, (2) $\Vert Tu_{i+1}-Tu_{i}\Vert\leq\alpha_{i}\Vert Tu_{i}-u_{i}\Vert.$
$\lim_{n}\Vert Tu_{n}-u_{n}\Vert=0$ $u\in C$ $\{u_{n_{j}}\}$
(c) $T$ $\{u_{n}\}$- $u\in F(T)$
Card$(F(T))\leq 1$ $\{u_{n}\}$ $u$
(d) $1_{0}\in N$ $u\in A(T, u_{n},l_{0})$ $\{u_{n}\}$ $u$
Lemma 5. 1 Theorem 4. 14.2
Lemma 5. 1 Theorem 4. 14.2
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